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Summary 
The aim of the present study was the chemical characterization of some medically 
relevant essential oils (tea tree, clove, cinnamon bark, thyme and eucalyptus) and the 
investigation of antibacterial effect of the components of these oils by use of a direct 
bioautographic method. Thin layer chromatography (TLC) was combined with 
biological detection in this process. The chemical composition of the oils was 
determined by gas chromatography (GC) and gas chromatography-mass spectrometry 
(GC-MS). Eucalyptol (84.2%) was the main component of the essential oil of 
eucalyptus, eugenol (83.7%) of clove oil, and trans-cinnamic aldehyde (73.2%), thymol 
(49.9%) and terpinen-4-ol (45.8%) of cinnamon bark, thyme and tea tree oils, 
respectively. Antibacterial activity of the separated components of these oils, as well as 
their pure main components (eucalyptol, eugenol, trans-cinnamic aldehyde and thymol) 
was observed against the Gram-negative luminescence tagged plant pathogenic 
bacterium Pseudomonas syringae pv. maculicola (Psmlux) and the Gram-negative, 
naturally luminescent marine bacterium Vibrio fischeri. On the whole, the antibacterial 
activity of the essential oils could be related to their main components, but the minor 
constituents may be involved in this process. Trans-cinnamic aldehyde and eugenol 
were the most active compounds in TLC-bioautography.   
The sensitivity of TLC-bioautographic method can be improved with using luminescent 
test bacteria. This method is more cost-effective and provides more reliable results in 
comparison with conventional microbiological methods, e.g. disc-diffusion technique.  
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1 Introduction 
Essential oils are complex mixtures of volatile compounds produced by living 
organisms and isolated by pressing or distillation from a whole plant or plant part of 
known taxonomic origin. They are very interesting natural products and among other 
qualities they possess various biological properties. An essential oil may have hundreds 
of individual chemical components; most of them, e.g. thymol, eugenol, 1,8-cineole, 
have characteristic smell and may have biological activity. Without doubt the 
antimicrobial activity is one of the most relevant property of the essential oils. Their 
composition can vary due to factors which affect the plant’s environment (e.g. 
geographical location, soil type, weather conditions, etc.) [1]. Oils with a high phenol 
content, for instance thyme and clove, have antiseptic properties. The fact of antibiotic 
resistance may have contributed to the increase of studies focusing on the application of 
essential oils as potential antibiotic agents against plant and human microorganisms [2-
5].  
Previous studies on the antimicrobial activity of essential oils in vitro described a wide 
range of assays with different parameters (medium recipes, incubation time, solvents, 
microorganisms) [6, 7], so the results from the assays are very different, sometimes 
their reliability is questionable. Essential oils are volatile, complex and viscous 
substances that are insoluble in water, so the common screening methods (disc 
diffusion, agar absorption) are not appropriate for their antimicrobial testing. Therefore, 
there is a need for optimized and reproducible assays for assessing the antibacterial 
effects of these oils [8].  
The potential applications of bioautography are summerized in the publication written 
by Choma [9]. Direct bioautography belongs to a large group of antimicrobial screening 
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methods and is based on paper or layer separations [10]. A developed chromatoplate is 
dipped in the suspension of microorganisms growing in a suitable broth. The plate is 
incubated and microorganisms grow directly on it. For location and visualization of 
antibacterial substances, tetrazolium salts are usually used, which are converted by the 
dehydrogenases of living microorganisms to intensely coloured formazan. The clear 
inhibiton zones of active components will appear on the plate in comparison to the 
coloured background [11-16]. In other publications naturally luminescent marine 
bacterium, V. fischeri, and a luminescence gene-tagged plant pathogenic strain, 
Pseudomonas syringae pv. maculicola were used as bioautographic indicators [14-17]. 
These bacterial cells constitutively emit bioluminescence that is closely dependent on 
reductive metabolic activity, so the darker areas (lack of light) on the photo images 
indicate the location of the inhibition zones.  
BioArena was developed by Tyihák et al. [18], which is suitable for the study of the 
mechanism of antibiotic and/or toxic compounds. The BioArena system integrates the 
up-to-date methodological and biological results of bioautography with OPLC. 
Our preliminary microbiological results showed that the essential oil of thyme, clove, 
cinnamon bark, tea tree and eucalyptus possessed antibacterial activity against different 
pathogenic bacteria by disc diffusion method (data were not published). Several 
literature data refer to the antibacterial effect of these oils [19-23], but in the most cases 
the activity of the oil components was not determined or the applied microbiological 
techniques were inappropriate.   
Therefore, the present study aimed at the chemical characterization of the essential oils 
of tea tree [Melaleuca alternifolia (Maiden et Betche) Cheel], clove [Syzygium 
aromaticum (L.) Merr. et Perry], cinnamon bark (Cinnamomum ceylanicum Nees.), 
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thyme (Thymus vulgaris L.) and eucalyptus (Eucalyptus globulus Labill.) and the 
investigation of antibacterial effect of these oil components by TLC-direct 
bioautographic method using luminescent bacteria. The chemical composition of the 
oils was controlled by gas chromatography (GC) and gas chromatography-mass 
spectrometry (GC-MS). To the best of our knowledge, the present study is the first to 
investigate the biological activity of the tea tree, eucalyptus, clove and cinnamon bark 
essential oils using TLC-bioautography with luminescent detection. 
 
2 Experimental 
2.1 Chemicals 
Analytical-grade solvents obtained from Spektrum-3D Ltd. were used in all 
experiments. Thymol, carvacrol, eucalyptol and eugenol were purchased from Sigma-
Aldrich Ltd. (Budapest, Hungary). TLC was performed on aluminium foil backed silica 
gel 60 F254 TLC plates (Merck, Darmstadt, Germany). The mobile phase for TLC was 
also prepared from analytical-grade solvents. 
 
2.2 Essential oil samples 
The essential oils of tea tree [Melaleuca alternifolia (Maiden et Betche) Cheel], 
eucalyptus (Eucalyptus globulus Labill.), clove [Syzygium aromaticum (L.) Merr. et 
Perry], cinnamon bark (Cinnamomum ceylanicum Nees.) and thyme (Thymus vulgaris 
L.) were obtained from a Hungarian drug store chain (Herbaria, Hungary). The quality 
of these essential oils met the standards described in the 5th edition of the European 
Pharmacopoeia [24]. 
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2.3 GC-FID and GC-MS analysis of the essential oils 
The five essential oils were analysed using a Fisons GC 8000 gas chromatograph (Carlo 
Erba, Milano) equipped with a flame ionization detector (FID). An Rt-β-DEXm 
(Restek) capillary column (30 m long, 0.25 mm id., 0.25 μm film thickness) was used. 
Nitrogen (flow rate 6.8 mL min-1) was the carrier gas. 0.2 μL of a 0.25% solution was 
injected (2 μL of essential oil in 1 mL of chloroform). Splitless injection was done. The 
temperatures of the injector and detector were 210 and 240°C, respectively. Oven 
temperature increased at a rate of 8°C min-1 from 60 to 230°C, with a final isotherm at 
230°C for 5 min. Percentage evaluation of compounds was carried out by area 
normalization, identification of peaks was made by comparison of retention times of 
standards and co-addition of standards. All measurements were made in duplicate. 
In the GC-MS experiments Agilent 6890N GC coupled with 5973N mass selective 
detector, Chrom Card Server ver. 1.2. equipped with a HP-5MS capillary column, 30 m 
long, 0.25 mm id., 0.25 μm film thickness was used. The carrier gas was helium (pHe 
was 0.20 MPa), at 1 mL min-1 flow rate; 1 µL (2 µL mL-1 essential oil in chloroform) 
was injected at 0.7 mg mL-1 velocity, split type (1:30 split ratio) with an Agilent 7683 
autosampler. The temperature of the injector was 280°C, and the temperature of the 
transfer line was 275°C. Oven temperature was programmed initially at 60°C for 3 min, 
then increased at a rate of 8°C min-1 to 200°C, then kept at 200 °C for 2 min, before 
increasing at a rate of 10°C min-1 to 250°C with a final isotherm at 250°C for 15 min. 
MS conditions: ionization energy 70 eV; mass range m/z 40-500; 1 analysis min-1. 
Identification of peaks was carried out by comparison with MS and retention data of 
standards and spectra from the NIST library [25]. These analyses were meant to check 
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only the main components and the composition of the essential oils examined in this 
study. 
 
2.4 Planar chromatographic separation and detection of essential oils 
TLC was performed on 10 x 10 cm aluminium foil backed silica gel 60 F254 plates. 
Before use the plates were preconditioned by heating at 120˚C for 3 h. Essential oil 
samples were dissolved in ethanol to give solutions containing 100 µL oil in 5 mL 
ethanol, and 0.5 or 1 μL of it (equivalent to 0.01 or 0.02 μL undiluted oil) were applied 
to the TLC plate with Minicaps capillary pipettes (Hirschmann Laborgeräte GmbH, 
Germany). The antibacterial activity of the characteristic components (thymol, 
carvacrol, and eucalyptol) of the essential oils was also investigated by direct 
bioautography. Pure samples of these chemicals were dissolved in ethanol to give 
solutions containing 1 mg mL-1 or 5 μL mL-1. From the solution of the standards 1 μL 
was applied to the plates using Minicaps capillary pipettes. The position of the starting 
line was 1.5 cm from the bottom and 1 cm from the left side. The standards were 
applied to the TLC plates next to the spots of the oils. After sample application, the 
plates were developed with toluene – ethyl acetate (93:7) [26]. Ascendant development 
chromatography was used, in a saturated twin trough chamber (Camag, Switzerland). 
All TLC separations were performed at room temperature (23˚C). Separation distance 
was 8 cm and the time was approx. 30 min. After chromatographic separation the 
absorbent layers were dried under air flow, for 5 min to remove the solvent completely. 
Ethanolic vanillin – sulfuric acid reagent [26] was used to visualize the separated 
compounds. The developed layers were dipped into this reagent and heated for 5 min at 
90˚C. Detection of the separated compounds was performed according to Rf value and 
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color of the standards. The TLC plate for bioautography was prepared without 
visualization with a reagent, because this does not affect the success of the subsequent 
microbial detection process in bioautography. 
  
2.5 Direct bioautography 
The antibacterial effect of essential oil components was evaluated in vitro with direct 
bioautography against the Gram-negative, luminescence tagged, plant pathogenic 
bacterium Pseudomonas syringae pv. maculicola (Psmlux) [27] and the Gram-negative, 
naturally luminescent marine bacterium Vibrio fischeri.  
Psmlux was grown in King’s B broth [28], V. fischeri strain (Lumistox test strain, Hach-
Lange Ltd.) in the dark in the following liquid medium (slightly modified recipe of 
NCAIM, Corvinus University, Budapest; ingredients are expressed in g dm–3): pepton 5, 
yeast extract 5, meat extract 6, NaCl 24, MgSO4 3.4, MgCl2×6H2O 5.3, KCl 0.7, and 
CaCl2 0.1. 
Cultures of Psmlux and V. fischeri were well aerated by shaking at 28.5 °C until they 
reached an optical density of 1.2 and 2.4 at 600 nm, respectively. 
The dried, developed chromatoplates with separated spots were immersed for 10 s into 
these bacterial cell suspensions and then put into a transparent glass cage assuring an air 
phase and humidity for the bacterial cells. The bioluminescent light emission was 
detected by use of a computer-controlled cooled CCD camera (IS-4000, Alpha 
Innotech, San Leandro, USA). Two minutes after immersion the chromatoplates were 
placed under the camera. The exposition time was 5 min in the case of V. fisheri, and 15 
min in the case of Psmlux, respectively. The darker areas on the images, where bacterial 
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cells do not emit light, indicate the lack of metabolic activity, which in turn depends on 
viability. 
 
3 Results and Discussion 
3.1 Gas Chromatographic Detection 
The quality of the essential oils used in this study was determined by GC. Percentage 
composition was identified by area normalization on the basis of two parallel 
measurements. Eucalyptol (84.2%) was the main component of the essential oil of 
eucalyptus, eugenol (83.7%) of clove oil, and trans-cinnamic aldehyde (73.2%), thymol 
(49.9%) and terpinen-4-ol (45.8%) of cinnamon bark, thyme and tea tree oils, 
respectively. In the eucalyptus oil p-cymene (7.4%) and limonene (4.6%) were also 
identified. β-caryophyllene (9.3%) was also presented in the clove oil, limonene 
(1.54%) in cinnamon bark oil, p-cymene (26.5%) and carvacrol (1.1%) in thyme oil,  γ-
terpinene (19.3%), p-cymene (6.7%) and α-terpinene (5.8%) in the tea tree oil, 
respectively.  
 
3.2 TLC-Direct Bioautography 
TLC separation of the five essential oils and their components was performed by 
parallel analysis on 10 x 10 TLC plates. After development the plates were cut into 
halves. One half was dipped into the alcoholic vanillin-sulphuric acid reagent to detect 
the essential oil components and the other was dipped into the bacterial suspension for 
bioautographic procedure. Therefore, the chromatographic conditions were the same for 
both. In the TLC-bioautographic system the antibacterial activity of the components of 
the five essential oils was determined according to the appearance of the inhibition 
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zones (lack of emitted light, dark area). The minor components of the tested essential 
oils had also apparent activity at the concentration tested.  
In the oil of thyme, thymol and carvacrol could be identified as a single red zone at Rf = 
0.54 (Figure 1c). These compounds showed a visible inhibition zone in the 
bioautographic system (Figure 1a, b). The standard of thymol and carvacrol showed 
also antibacterial activity against the two test bacterial strains (Figure 1a, b). At Rf 0.36 
an inhibition zone was observed in the thyme oil. According to the GC method as well 
as our earlier results [13] the presence of linalool was supposed. 
In the oil of clove, the main component was eugenol (brown zone, Rf  = 0.49) and a 
violet zone of β-caryophyllene could be detected at Rf  = 0.82 by reference to [26] 
(Figure 2c). According to gas chromatographic analysis, trans-cinnamic aldehyde 
(73.2%) was the main component in the cinnamon oil and the amount of eugenol was 
only 2.7%. However, the two compounds could not be separated by TLC when 
developed with toluene – ethyl acetate (93:7), due to their similar Rf values. Cinnamic 
aldehyde and eugenol (as a brown zone at Rf = 0.49) were identified by reference to 
[26]. In the oil of cinnamon, at Rf of trans-cinnamic aldehyde and eugenol, and in the 
oil of clove eugenol inhibited the growth of both test bacteria (Figure 2a, b). The main 
components, trans-cinnamic aldehyde and eugenol, produced the largest inhibition 
zones in these two oils and therefore they may be used as an antibacterial agents, but the 
effect of minor components should also be taken into consideration. The quantitative 
difference between thymol (49.9%) and carvacrol (1.1%), as well as cinnamic aldehyde 
(73.2%) and eugenol (2.7%) was significant in thyme and cinnamon oils, respectively. 
We applied standards of these compounds (thymol and carvacrol) to the plate for 
comparison.  
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 In the eucalyptus oil, the main component was eucalyptol (blue zone at Rf  = 0.49) 
(Figure 3c). In the oil of tea tree, we could not exactly identify the components without 
standards. Two blue zones were detected at Rf  = 0.24 and Rf  = 0.37. According to ref. 
[26] and the GC analysis, these compounds can be identified as monoterpene alcohols 
(terpinen-4-ol and terpineol). In tea tree oil the monoterpene alcohols, α-terpineol (Rf  = 
0.24) and terpinen-4-ol (Rf  = 0.37) showed significant antibacterial effects against V. 
fischeri (Figure 3b). In the TLC-bioautographic system, the essential oil of eucalyptus 
and its main component, eucalyptol, and tea tree oil showed weak activity against the 
strains tested in this study (Figure 3a, b).   
It has to be noted that the solvents (toluene and ethyl acetate) applied in TLC separation 
as mobile phase components had no inhibiting effect in the direct bioautographic 
system, however they were eliminated from the layer . 
In every case V. fischeri was more sensitive bacterium against the essential oil 
components than Psmlux.  
Our results confirmed that the antibacterial activity of the essential oils is associated 
with their main components, but the minor constituents may also contribute to this 
effect.  
 
Conclusion 
The results of this study can provide reliable in vitro experimental data for the ability of 
essential oils as complex, hydrophobic extracts to determine the antibacterial properties 
of their components. The essential oil components of tea tree [Melaleuca alternifolia 
(Maiden et Betche) Cheel], eucalyptus (Eucalyptus globulus Labill.), clove [Syzygium 
aromaticum (L.) Merr. et Perry], cinnamon bark (Cinnamomum ceylanicum Nees.) and 
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thyme (Thymus vulgaris L.) were investigated by TLC-bioautography using 
luminescent bacteria. Besides the main components of the oils such as terpinen-4-ol, 
eucalyptol, eugenol, trans-cinnamic aldehyde and thymol, monoterpene alcohols as 
minor components also possessed antibacterial effect. Trans-cinnamic aldehyde and 
eugenol were the most active compounds in TLC-bioautographic system used in this 
study. The components of eucalyptus and tea tree oils showed less activity against 
Psmlux and V. fisheri. The mechanism of antibacterial action of essential oils has not 
yet really understood, but the studies focusing on this field has been increasing [29-31]. 
The knowledge about the cell target(s) of the essential oils and their components is 
crucial to understand their role in the process of antibacterial activity. This biological 
effect of these plant materials is linked to their hydrophobicity resulting in increased 
cell permeability and consequent leaking of cell constituents, but the interaction 
between the oil components should be also considered.    
Without doubt direct bioautography has an expanding field of application and practical 
advantage in research on antibiotic substances having natural origin. To exploit the 
phenomenon of bioluminescence in TLC-bioautography the antibacterial activity of 
individual essential oil components can be detected.  
With investigation of antimicrobial activity of the essential oils a suggestion for their 
application as antibacterial agents may be presented. Further studies need to focus on 
modelling the mode of antibacterial mechanisms of essential oil components. 
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Figure 1 
 
Antibacterial effect of thyme (Thymus vulgaris L.) essential oil and its components 
against (a) Pseudomonas syringae pv. maculicola and (b) Vibrio fischeri bacteria; and 
(c) the developed layer after vanillin–sulphuric acid detection. 1 – 1 μL of thyme 
essential oil (equivalent to 0.02 μL undiluted oil); 2 – 1 μL of thymol standard 
(equivalent to 1 µg of thymol); 3 – 1 μL of carvacrol standard (equivalent to 0.005 µL 
of carvacrol). 
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Figure 2 
 
Antibacterial effect of components of cinnamon bark (Cinnamomum ceylanicum Nees.) 
and clove [Syzygium aromaticum (L.) Merr. et Perry] essential oils against (a) 
Pseudomonas syringae pv. maculicola and (b) Vibrio fischeri bacteria; and (c) the 
developed layer after vanillin–sulphuric acid detection. 1 – 0.5 μL of cinnamon bark 
essential oil (equivalent to 0.01 μL undiluted oil); 2 – 0.5 μL of clove oil (equivalent to 
0.01 μL undiluted oil).  
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Figure 3 
 
Antibacterial effect of components of tea tree [Melaleuca alternifolia (Maiden et 
Betche) Cheel] and eucalyptus (Eucalyptus globulus Labill.) essential oil against (a) 
Pseudomonas syringae pv. maculicola and (b) Vibrio fischeri bacteria; and (c) the 
developed layer after vanillin–sulphuric acid detection. 1 – 1 μL of tea tree essential oil 
(equivalent to 0.02 μL undiluted oil); 2 –  1 μL of eucalyptus essential oil (equivalent to 
0.02 μL undiluted oil); 3 – 1 µL of eucalyptol standard (equivalent to 0.005 µL of 
eucalyptol).
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